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Abstract-The reinforcing fibers are the primary load carriers 
of material, with the matrix component transferring the load 
from fiber. Reinforcement of the matrix material may be 
achieved in a variety of ways. . Reinforcement may also be in 
the form of particles.  The objective of this is to investigate the 
properties of particulate snail shell reinforced polyester matrix 
composites. The snail shell particulate was produced by 
calcination in the furnace and pulverized with laboratory ball 
mill. The powder was sieved using sieve shaker. The 
composites were developed using predetermined proportions of 
the particulate in an open mould production process. For each 
of the developed composites, the mixture was missed 
thoroughly until homogenous paste was obtained and poured 
into the mould. The cured sample was stripped from the mould 
and was allowed to cure. Mechanical (tensile, impact) and 
water absorption tests were carried out on the samples from 
where it was observed that the properties of the developed 
composites were highly enhanced compared to the 
unreinforced polyester material. The result revealed that better 
results can be obtained within 5-20 wt% reinforcement 
addition since 25-30 wt% tends to give weak results in all . 
However, 20 wt% reinforcement gave the best enhancement 
performance among the developed composites.                                                                                                                            
 
Keywords-Composite, Unsaturated Polyester, Snail Shell, Filler, 
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INTRODUCTION 
 
Composite materials are any combination of two or more 
different materials at the macroscopic level or it can also be 
defined as two inherently different materials that when 
combined together produced a material with properties that 
exceed the constituent materials. The past few decade have 
seen outstanding advances in the use of composite materials 
in both mechanical and structural applications. There can be 
litt le doubt that, within engineering circles, composites have 
revolutionized tradit ional design concepts and made 
possible an unparalleled range of new and exciting  
possibilit ies as viable materials for construction. 
The reinforcing fibers are the primary load carriers of 
material, with the matrix component transferring the load 
from fiber. Reinforcement of the matrix material may be 
achieved in a variety of ways. Reinforcement may also be in 
the form of particles. The matrix material is usually one of 
the many availab le engineering plastics/polymers. Selection  
of the optimal reinforcement form and material is dependent 
on the property requirements of the finished part. 
In several years composite materials, plastics and ceramics 
have been the reigning emerging materials. In developing 
countries, harvest season are often accompanied with  
residues that are of environmental menace and in some 
cases hazardous. Many of these materials as fillers. 
Research is proceeding to develop composites using various 
recycled waste [9]. Especially in developing composites 
using most environmentally friendly agro-waste as 
reinforcing fillers and thermosetting polymers as matrices. 
Recent investigation of polymer-based composite materials 
have opened new routes for polymer formulations and have 
allowed the manufacture of new products with optimal 
properties for special application. In most cases, these 
composites improve the product design and reduce the 
material and energy consumption. Today, the growing 
environmental awareness throughout the world has triggered 
a paradigm shift from synthetic fibers and their composites 
towards composites made from natural reinforcing  
constituents (natural fibers and natural particulate fillers) 
which are more environmentally friendly [6]. In the light of 
this, researchers have focused their attention on composites 
composed of natural or synthetic resins [4]. Reinforced with  
material particulate fillers and manufacturing of high-
performance engineering materials from these renewable 
resources has also been pursued by researchers since 
renewable raw materials are environmentally sound and do 
not cause health problem[5]. Fillers having cellulose, hemi 
cellu lose and lignin are being investigated for the suitability  
of replacing synthetic fibers [10]. The use of these natural 
fillers has been due to its economic advantage during 
processing, high specific strength, relatively low density and 
biodegradability, thereby reducing environmental pollution  
[1]. Commonly used particulate fillers include; talc, calcium 
carbonate, kaolin, silica and carbon black. 
Polymers have numerous applications ranging from 
domestic articles to their use as matrix in composite 
applications. It is a light weight alternative to most metals. 
The utilization of natural fibers and fillers as reinforcement  
for composite materials based on thermoplastic and 
thermosetting polymers such as polypropylene and polyester 
is gaining ground in sustainable research area in  the 
polymers world. 
The major reasons for a huge growth in the area of 
polymetric composite materials are low weight, low price 
and minimization of environmental impact. Unsaturated 
polymer resins are versatile when it comes to properties 
especially because of its capability to cure at room 
temperature. Unsaturated polymer resin (UPR) matrix and 
talc filler were fabricated by simple cold press moulding, the 
flexural strength and modulus increased with increasing talc 
content, thermal stabilit ies of the composite also increased. 
In the study of the mechanical properties of rice- husk fiber 
reinforced polyester composite, result showed that the 
tensile and flexural strength of the composite increased 
when the fiber weight fraction increased [8]. When 
bagasse/sugar cane fiber was used to reinforced unsaturated 
polyester material in order to assess the viability of the 
composite material developed for engineering applications, 
results showed that the reinforcement enhanced the 
mechanical properties of the developed composite [7]. Egg  
–shell part icles have been used as reinforcement in polyester 
matrix and the results showed that the density and hardness 
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values of the polyester/egg shell particulate composite 
increased steadily with increasing egg shell addition, 
flexural strength as well as impact energy, tensile and 
bending strength also increased[3]. A ceramic composite 
was prepared by adding ceramic particles to unsaturated 
polyester resin, from the investigation, filling the 
unsaturated polyester resin by CaCO3 and MgO filler 
particles led to an increased in the ultimate tensile strength 
[2]. 
As a result of the wide application of polymer composites 
this period, therefore it is a very promising effort to study on 
the utilization of local cheap renewable sources of fibers or 
fillers available in our country for the production of polymer 
composite. Since some of these materials are not readily  
available, hence the need to source for other potentially  
suitable reinforcing constituents such as snail shell (SS) for 
polymer matrices. Harvest season are often accompanied 
with residues that are of environmental menace and in some 
cases hazardous. 
 
EXPERIMENTAL 
Materials and equipment 
1. Snail shell: It serves as the particulate phase. It was 
obtained from Emure -Ile in Ondo State, Nigeria. (shown in  
figure 3.1)        
2. Polyester: It  serves as the matrix phase 
3. Methyl ethyl ketone peroxide (MEKP): It serves as 
catalyst  
4. Cobalt naphthanate: It serves as accelerator 
5 Weigh meter 
6Sieve shaker 
 
 
 
 
 
Figure 3.1 Snail shellFigure 3.2 Particulate snail shell 
filler  
 
 
 Snail Shell Preparation and Calcination 
 The Snail Shell was washed in flowing water to removed 
sand and dirt followed by sun drying for some days before 
Calcin ing at a specific temperature for 2 hours to remove 
other organic matter present in it. The calcined Snail shell 
was pulverized with high mechanized machine of ISO 895.  
The pulverized calcined snail shell was sieved with a sieve 
shaker to obtain less than 75 µm (-75 µm) that was used for 
this work, as shown in figure 3.2).  
 
Preparation of unsaturated polyester composite:  
The required materials were weighed out using an electronic 
weighing balance. The weight percentages of the 
constituents are shown in Table 3.1. In synthesizing the 
reinforced polyester composites, the mass of the polyester 
was varied with that of the reinforcement to give a total of 
100 g. The filler is added into the polyester resin and stirred 
continuously with a glass rod until a uniform mixture was 
observed. Thereafter, 1.2 g of catalyst was added with the 
help of disposable syringe and stirred, after which 0.6 g of 
accelerator was also added and stirred. The mixture was 
poured into a mould and allowed to cure. This procedure 
was repeated for other specimen as shown in Table 3.1 with  
changes in the weight percentages of the particulate filler. A  
control sample was produced without the addition of the 
particulate snail shell filler. The samples were removed 
from the mould after curing.  
 
 
Table 3. 1. Formulation of filler/polyester composites  
Speci
men  
Composi
tion(g) 
Composi
tion(g) 
Compositi
on(g) 
Composition(
g) 
  
Particula
te snail 
shell 
filler 
Unsatura
ted 
polyester 
Methyl 
ethyl 
ketone 
peroxide(c
atalyst) 
Cobalt 
naphthanate(a
ccelerator) 
1 5 95 1.2 0.6 
2 10 90 1.2 0.6 
3 15 85 1.2 0.6 
4 20 80 1.2 0.6 
5 25 75 1.2 0.6 
6 30 70 1.2 0.6 
Contr
ol 
0 100 1.2 0.6 
 
TES TS ON THE SPECIMENS  
The produced polyester matrix composite with different 
particle size for snail shell part icles were made to undergo 
series of tests, which includes tensile, water absorption and 
impact test. 
 
 Tensile test 
Introns Universal Testing Machine operated at a cross head 
speed of 10mm/min was used for this tensile testing of the 
samples. The tensile test specimen preparat ion and testing 
procedures were conducted in accordance with the 
American Society of Testing and Materials D412 (ASTM 
D412). This test was also carried out at ObafemiAwolowo 
University, Ife. The test was done by placing the tensile 
samples between the two fixture called “grip” which clamp 
the sample. The sample is of known dimension, in term of 
length and cross-sectional area. We then begin to apply 
weight to the material gripped at one end while the other 
end is fixed. We keep increasing the weight (often called  the 
load or force) while at the same time measuring the change 
in length of the sample. 
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Impact test 
Impact test is a standard method of determin ing the impact 
resistance of materials. An arm held at a specific height is 
released. The arm hits the sample and break it. From the 
energy absorbed by the sample, its impact energy is 
determined. A notched sample is generally used to 
determine impact energy and notch sensitivity. Impact test 
are used in studying the toughness of a material. A  
material’s toughness is a factor of its ability to absorb 
energy during plastic deformation. Th is test was carried out 
at ObafemiAwolowo University, Ife.  
 
 
 
Water abs orption 
The composite samples were d ried at room temperature for 
six weeks and immersed in d istilled water at room 
temperature. The water absorption was determined by 
weighing the samples at regular intervals. The specimens 
were daily taken out of the water wiped with tissue paper 
and weighed. The percentage of water absorption was 
calculated by using 
 
𝑀 = 𝑊𝑛 −𝑊𝑑/𝑊𝑑𝑥100   
……………………………………………….3.1              
 Where Wd is the original dried weight and Wn is the weight 
after exposure. 
 
 
 RES ULTS AND DIS CUSSIONS  
 
Table 4.2 Tensile Strength Test Result 
Sampl
es (%) 
Tensile 
strength 
at 
peak(MP
a) 
Tensile 
strength 
at 
break(M
Pa) 
Energy at 
tensile 
stress/peak
(J) 
Tensile 
modulus(M
Pa) 
5 
11.8544
7 
6.68705 0.21455 412.32939 
10 8.12709 0.58869 0.06800 453.52064 
15 8.41243 0.55286 0.09609 420.62150 
20 
12.1881
2 
7.47463 0.18211 513.18400 
25 
10.3728
8 
0.66757 0.17823 388.93438 
30 7.02348 1.70996 0.09255 301.04929 
Contro
l 
10.9898
9 
3.67487 0.11840 286.64293 
 
 
 
 
Table 4.5a Water Absorption Test Result 
Sa
mpl
es 
(%) 
Initi
al 
wei
ght(
g) 
Da
y 1 
we
igh
t 
dif
f.(
g) 
Da
y 2 
we
igh
t 
dif
f.(
g) 
Da
y 3 
we
igh
t 
dif
f.(
g) 
Da
y 4 
we
igh
t 
dif
f.(
g) 
Da
y 5 
we
igh
t 
dif
f.(
g) 
Da
y 6 
we
igh
t 
dif
f.(
g) 
Da
y 7 
we
igh
t 
dif
f.(
g) 
Av
era
ge 
wei
ght 
diff
.(g) 
5 7.79 
0.1
23 
0.3
85 
0.5
13 
0.5
13 
0.7
7 
0.1
28 
0.1
28 
0.3
66 
10 7.20 
0.5
56 
0.6
94 
0.9
72 
0.9
72 
1.3
89 
1.2
5 
1.1
11 
0.8
53 
15 
10.6
2 
0.2
82 
0.1
88 
0.4
71 
0.4
71 
0.5
65 
0.8
47 
0.7
53 
0.5
11 
20 
12.3
2 
0.3
25 
0.8
12 
0.8
12 
1.0
55 
1.1
36 
0.8
12 
1.2
18 
0.8
81 
25 9.50 
0.2
11 
0.8
42 
1.0
53 
1.4
74 
1.7
89 
1.7
89 
1.7
89 
1.2
78 
30 
10.7
5 
1.5
81 
2.3
26 
2.3
26 
2.3
26 
2.7
91 
2.9
77 
2.2
33 
2.0
33 
Co
ntr
ol 
9.31 
0.1
07 
0.0
00 
0.1
07 
0.1
07 
0.1
07 
0.0
00 
0.0
00 
0.0
61 
 
Table 4.5b Average %  Water Absorption 
Samples 
(%) 
5 10 15 20 25 30 Contr
ol 
Water 
absorptio
n(g) 
0.3
66 
0.8
53 
0.5
11 
0.8
81 
1.2
78 
2.0
33 
0.061 
 
 
 
 
Table 4.4 Impact Energy Test Result 
Samples 
(%) 
5 10 15 20 25 30 Contro
l 
Impact 
energy(J
) 
5.2
9 
5.0
1 
5.2
9 
5.4
2 
5.0
8 
5.1
5 
5.01 
 
 
 
 
 
DISCUSS IONS 
4.6.2 Tensile test discussions 
 
 Figure 4.5 Chart of tensile strength at peak against filler 
content and the control                                                                                                           
Figure 4.5 shows the graph of tensile strength at peak of the 
composites samples against its corresponding percentage 
reinforcement. It was observed that the highest tensile 
strength at peak was at 20 wt% filler content with a value of 
12.18 MPa fo llowed by that of 5 wt% with a value of 11.85 
MPa compare to other reinforcement and the control sample 
which has 10.99 MPa. Strength depends on effective stress 
transfer between filler and matrix, and toughness/brittleness 
is controlled by adhesion.  
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Figure 4.6 Chart of tensile strength at break against  
filler content and the control  
Figure 4.6 shows the tensile strength at break for particulate 
snail shell reinforced polyester matrix composites. The 
results showed that, the maximum tensile strength at break 
occurred at 20 wt% with a value of 7.47 MPa followed by 
that of 5 wt% with a value of 6.69 MPa compare to other 
samples which have lesser values relative to the control 
sample a value of 3.67 MPa. 
 
 
 
 
Figure 4.7 Chart of energy at tensile stress/peak against 
filler content and the control  
Figure 4.7 shows the increase in particles reinforcement  
resulted in irregular increase and decrease in the energy at 
yield of the composites. The highest energy at stress/peak 
was achieved at 5 wt% reinforcement with a value of 0.21J, 
followed by that of 20 wt% with a value of 0.18 J compare 
to other samples with lesser value and the control sample 
with value of 0.12 J.  
 
       Figure 4.8 Chart of tensile modulus against filler 
content and the control 
The response of the developed composites and the control 
sample to the tensile modulus was as shown in Figure 4.8. 
From the results, it was observed that the tensile modulus of 
the composites at 20 wt% with value of 513.18 MPa has the 
highest value followed by sample from 10 wt% 
reinforcement with a value of 453.52 MPa. It was noticed 
that better enhancements were obtained from 5-20 wt% 
reinforcement range fo llowed by decrease from 25-30 wt%. 
The result show that all the developed composites possess 
better tensile moduli than the control. This shows that the 
tensile modulus of polyester can be improved by the 
addition of particulate snail shell at vary ing wt%.  
’ 
Figure 4.11 Chart of water absorption against filler 
content and the control 
Figure 4.11 shows the relationship between water absorption 
and particulate of polyester snail shell particles composite at 
different filler content. The best result was obtained from 5 
wt% reinforcement which absorbed least water with value of 
0.37 g followed by 15 wt% with a value of 0.51 g compare 
to other samples. These were the samples that has good 
water repellant capacity next to the control which has a 
value of 0.06 g. The more the filler content, the higher the 
rate of water absorption. The control sample absorbed lesser 
water because of the absence of reinforcement.  
 
 
 
 
0
1
2
3
4
5
6
7
8
Te
n
si
le
 S
tr
e
n
gt
h
 a
t 
B
re
ak
(M
P
a)
Reinforcement(wt%)
0
0.05
0.1
0.15
0.2
0.25
En
e
rg
y 
at
 t
e
n
si
le
 s
tr
e
ss
/p
e
ak
(J
)
Reinforcement(wt%)
0
100
200
300
400
500
600
Te
n
si
le
 m
o
d
u
lu
s(
M
P
a)
Reinforcement (wt%)
0
0.5
1
1.5
2
2.5
W
at
e
r 
A
b
so
rp
ti
o
n
 (
g)
Reinforcement( wt %)
    240 
 
 
IJRE | Vol. 04 No. 09 | September 2017 
Figure 4.10 Chart of impact test against filler content 
and the control  
 
From Figure 4.10, sample with 20 wt% shows exceptional 
impact energy having the value of 5.42J, closer to the value 
are 15 wt% and 5 wt% which have 5.29J and 5.29J 
respectively. This implies that the particulate snail shell 
reinforced composite absorbs maximum energy at 20 wt%. 
The impact strength decreases as the filler content increases. 
This is mainly due to the reduction of elasticity of the 
material due to filler addition and thereby reducing the 
deformability of matrix. An increase in concentration of 
filler reduces the ability of matrix to absorb energy and 
thereby reducing the toughness, so impact strength 
decreases. 
 
 
 
CONCLUS ION  
Considering the mechanical properties results; The response 
of the materials to flexural test revealed that composites 
samples developed from 15-20 wt% reinforcements gave the 
best results, respectively while from tensile test results, it is 
observed that composite sample with 20 wt% reinforcement  
had the highest tensile value compared to other tested 
samples. It is evident from the water absorption test that 
unsaturated polyester/particulate snail shell composite with  
5 wt% reinforcement absorbed least water. The implication  
is that snail shell reinforcement of 5wt% can be used where 
lesser or non-water absorption of material is the paramount 
like submersibles and submarine structures. 
The result revealed that better results can be obtained within 
5-20 wt% reinforcement addit ion since 25-30 wt% tends to 
give weak results in all, particulate snail shell/polyester 
composite can be used in place of pure polyester depending 
on the filler content and user application. 
 
 
REFERENCE 
[1] Chioma IM, Babatunde B, Reginald U (2014): 
Mechanical properties of tere-phthalic Unsaturated 
Polyester Resin Reinforced with varying weight 
fractions of Particulate Snail Shell. IOSR Journal 
of Polymer and Text ile Engineering, volume 1, 
pp39-44 
[2] Ghosh, T.N., charkrabarti T., and Tripathi, G 
(2000): Biotechnology in Energy Management. 
New Delhi: APH Publishing Corporation 
[3] Hanna WA, Gharib FE, Marhoon II (2011): 
Characterizat ion of Ceramic Filled Polymer Matrix 
Composite used for Biomedical Applications. 
Journal of Minerals and Materials Characterization  
and Engineering, 10(12), 1167-1178 
[4] Hassan SB, Aigbodun VS, Patrick SN (2012): 
Development of Polyester/Eggshell Particulate 
Composites. Tribology in Industry, 34(4), 217-225 
[5] Ishak MR, Leman S M, Sapuan S M, Edeerozey 
AMM, Othman IS  (2010): Mechanical Properties 
of Kinaf Blast and Core Fibre Reinforced  
Unsaturated Polymer Composite. IOP Conference 
series: Materials Science and Engineering 11(1), 1-
6 
[6] Madueke CI, Bolasodun B, Umunak we R, 
Nwonah JN (2014): International   Journal of 
Scientific and Engineering Research, Volume 5 
[7] Oladele IO (2014): Effect of Bagasse Fibre 
Reinforcement in the Mechanical Properties of 
Polymer Composite. The Journal of the Association 
of Professional Engineers of Trin idad and Tobago, 
42(1), 12-15 
[8] Mohammed, Masayuki Y (2006): Establishment 
of Manufacturing, Property Evaluation and 
Application for Green Composite. An International 
Workshop on Development of Novel Functional 
Materials and Production Processes with Reduced 
Environmental Impact Kobe University Japan 
[9] Raju GU, Kurappa S, Gaitonde VN (2012): 
Mechanical and Physical Characterizat ion of 
Agricultural Waste Reinforced Polymer 
Composites. Journal for Material Environment and 
Science 3(5) 907-916 
[10] Surata IW, Suriadi IG, Arnis, K (2014): 
Mechanical Properties of Rice Husks fiber 
reinforced polyester composite. International 
Journal of Materials, Mechanics and 
Manufacturing, 2(2), 165-168 
[11] Wretfors C, S vennerstedt B(2006): Biofibre 
Technology Used in Military Applications. An 
Overview. Journal for Biofibre Technology Report 
142, 1-40 
 
4.8
4.9
5
5.1
5.2
5.3
5.4
5.5
Im
p
ac
t 
te
st
 (
J)
Reinforcement(wt%)
